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We have previously cloned a 44kb fragment from the virulence piasmid of Shigella flexneri 
serotype 5 strain M90T which is capable of restoring invasiveness to an avirulent, plasmidless 
mutaiit. This report presents a genetic and physical analysis of TnJ mutations in recombinant 
clone pHS4108. TnJ mutagenesis allowed identification of at least five regions implicated in the 
entry phenotype. These regions were located on a 20 kb portion of pHS410S. Expression of the 
insertion mutants w^as studied by immunoblots using the serum of a convalescent monkey 
infected by S. flexneri Iz, which recognized four plasmid-associated polypeptides. We propose 
that the four immunogenic polypeptides, a, b, c and d, are encoded by an operon. 



INTRODUCTION 

• The pathogenic potential of Shigella flexneri is correlated with the ability of this organism to 
enter.i multiply within and kill human colonic epithehal cells (La Brec et ai, 1964). Genetic 
studies have established that in addition to several chromosomal loci (Formal & Hornick, 1978), 
a large piasmid of 220 kb is necessary for expression of this invasive phenotype (Sansonetti et al., 
1982). Although complete expression of virulence, as measured by a positive Sereny test (Sereny, 
1955), requires chromosomal loci, the transfer of pWRlOO, the 220 kb piasmid of S. flexneri 
serotype 5 strain M90T, to an Escherichia coli K 12 strain demonstrated that the piasmid by itself 
is sufficient to promote invasion of HeLa cells (Sansonetti et oL, 1983). 

In an attempt to characterize the genetic sequences as well as the molecular products 
necessary for invasion of eukaryotic cells by S. flexneri, we have cloned pWRlOO invasion 
sequences into the cosmid vector pJB8 (Ish-Horowicz & Burke, 1981). Several recombinant 
plasmids containing a common sequence of 37 kb carried the genetic information necessary to 
restore the invasive ability of an avirulent, plasmidless mutant of S. flexneri into HeLa cells 
(Maurelli et aL, 1985). However, a complete invasive phenotype was not expressed by the 
recombinant clones in that they failed to produce a positive Sereny test. Further experiments 
demonstrated that they were impaired in their ability to replicate within eukaryotic cells, thus 
indicating that other regions of the piasmid were also important (Sansonetti et al., i 986). Such an 
hypothesis is also supported by recent data of Sasakawa et ai (1986^7, 6), who showed that 
several distinct regions are implicated in the positive Sereny phenotype and that insertion in loci 
as far as 100 kb apart gave a negative Sereny test. However, study of our recombinant plasmids 
has enabled us to focus on the genetics and molecular basis of the entry process itself. 
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Table I. Bacterial strains, plasrrnds and phage 



Strain or phage 

Shigella ftexneri 5 
M90T 

M90TminI 

M90TminII-34 



Shigella flexneri 2a 
BS169 



Relevant 
characteristics 



Wild-type, nad 

Minicell producer 

mutant of M90T 
Spontaneous 

plasmidless 

derivative of 

M90TminI 

Mai* galV \ \lx\lO 



BSl69/pHS4l08 Ap^ 



BS123 

Escherichia coli 
HBlOl 



Phage 
X461 



Apapa lysoeen of 
BS169 

F~ ara-H leu proA2 
lacYl glnV44 a" 
galK2 recAJS rpsL20 
xyl'5 mil thi hsdS20 

mil re.r::TnJ. c/857 
0,^29 P,„80 



Plasmid content 



220 kb virulence 
plasmid pWRlOO 

220 kb virulence 
plasmid pWRlOO 

No virulence 
plasmid 



No vinilence 

plasmid 
45 kb insert from 

pWRlOO cloned 

into pJB8 
No virulence 

plasmid 

None 



Invasion 
of HeLa cells 



Source or 
reference 



+ Sansonetti et ai (1983) 

+ Hale fl/. (1983) 

Hale a/. (1983) 



Maurelli ei al. (1985) 
Maurelli ei al. (1985) 

This work 



Boyer & Roulland-Dussoix 
(1969) 



Berg et aL (1975) 



Preliminai7 studies of protein expression by the recombinant piasmids have shown that 
among the polypeptides expressed by this long sequence of DNA, four were consistently 
recognized by sera of monkeys immunized against S. flexneri (Maurelli et ai, 1985). These 
polypeptides, which have been called a (78 kDa), b (62 kDa), c (43 kDa) and d (38 kDa) (Hale et 
al., 1985), represent the major proteinaceous antigens which elicit a humoral response during 
infection of monkeys and human beings by Shigella species (Oaks et ai, 1986). However, 
immunogenieity of these four polypeptides did not imply that they were directly involved in the 
entry process. In addition, one expected to find other entry-associated polypeptides that may not 
be immunogenic. 

This report describes the study of one of these recombinant piasmids, pHS4108. It contains a 
44 kb insert which we have mutagenized using transposon Tn5. Eight different insertions of the 
transposon appeared to inhibit or alter the entry process. They mapped within scattered loci on a 
20 kb portion of the cloned insert. We then focused on the region encoding the four 
immunogenic polypeptides. The data suggested that they were encoded by an operon. 



METHODS 

Bacterial strains, piasmids and phage. These are listed in Table 1. 

Media and culture conditions. Bacteria were routinely grown in tryptic soy broth (Institut Pasteur Production) or 
L Broth (Lennox, 1 955). For infection with phage A, strains were grown in L broth (no glucose) plus 1 0 mM-MgSO^ . 
Antibiotics were added to broth culture or brain heart infusion (BHI) agar (Difco) in the following concentrations : 
ampicillin, 100 ^ig ml"'; kanamycin, 40 )ig ml"'. 

Isolation, characterization and cloning of plasmid DNA. For transformation and screening of plasmid DNA, 1-5 
ml overnight broth cultures were extracted by the technique of Ish-Horowicz & Burke (1981). DNA for restriction 
analysis was further purified by phenol extraction. Restriction endonuclease digestion of plasmid DNA was 
performed according to the recommendations of the manufacturers. Electrophoresis was carried out in 0-7% (w/v) 
agarose gels with E buffer (40 mM-Tris, 2 mM-disodium EDTA, pH 7-9) as running buffer. Cloning experiments 
were performed with dephosphor>'lated vector DNA as described by Maniatis et al. (1982). 
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Insertion mutagenesis of pH $4108. A yl467 lysatc was used to infect, at a multiplicity of infection of 5, 1 ml of an 
exponential-phase culture of S. flexneri BS213/pHS4I08 grown in the presence of ampiciilin. After 20 min 
adsorption at 37 the infected culture was shaken at 37 X for 45 min, then diluted with 9 ml L broth containing 
kanamycin and incubated overnight at 37 Plasmid DNA extracted from 1-5 mi of the resulting overnight 
culture was used to transform E. coli HBIOl and Ap'Km^ transformants were selected. An average of 10 
transformants per mutagenesis experiment was chosen for analysis. The plasmids carried by these clones were 
studied by restriction analysis and transformed into S. flexneri BS169 for infection of HeLa cells. 

Infection of HeLa cells. Non-confluent mojpolayers of HeLa ceils in 35 mm plastic tissue culture dishes (Becton 
Dickinson Labware) were inoculated with bacteria, centrifuged for 10 min at 2200 g and incubated for 2 h at 
37 X. Monolayers were then washed. Giemsa-stained and examined by light microscopy for invasion of cells 
(Hale & Formal, 1981). A strain was considered invasion* (Inv*) when at least 30% of the ceils were infected. 
Strains referred to as Inv - showed mvasion of less than 5% of the cells. Strains were considered Inv- when several 
infection assays showed no infected cells. 

Contact haemolysis assay. Assay for haemolytic activity was performed as previously described (Clerc et al 
1986; Sansonetti et al., 1986). 

Preparation of anti-poly peptide b monoclonal antibodies. The band corresponding to polypeptide b was cut out 
from a preparative SDS gel. After electroelution, this polypeptide was injected to BALB/c mice. The protocol for 
immunization, fusion with the mouse myeloma ceil line X63-Ag8 . 653 and cloning by limiting dilution has already 
been described (Sadoff a/., 1985). The antigen used to screen hybridomas which produced antibodies against 
polypeptide b was a water extract of S. flexneri M90T (Oaks et al., 1986). The hybridoma cell line producing the 
1.3.358.59.2 monoclonal antibody was selected. Ascites fluid of mice was used in immunobiot studies 

H^estern blot hybridization. Whole bacterial extracts were run on SDS-polyacr>'iamide geis and blotted onto 
nitrocellulose filters as described by Bumette (1981). Diluted (1/250) convalescent serum from a monkey which 
had been mfected with S. flexneri 2a was used to detect expression of four major polypeptides encoded by the 
virulence plasmid of M90T (Hale et al., 1985) and by recombinant plasmid pHS4l08 (Maurelli et ai, 1985) 

Analysis of proteins expressed inminicells. Purification of minicells from 14 h BHI cultures was accomplished by 
differential centrifugation and three sucrose density gradient separations (Gemski & Griffin. 1980) Purified 
minicells were labelled for 2 h with P^Sjmethionine [50^0 mh' (1-85 MBq mi^i), > 800 Ci mmoi"' Amersham] 
as previously described (Gill et ai, 1979). After washing, minicells were solubilized at 37 T for 30 min in a 8 M- 
urca solution containing 2 % (w/v) octyl-^D-glucopyranoside (Sigma), 2 % (w/v) pH 3-5-9-5 Ampholine (LKB) and 
5 /, (v/v) 2-mercaptoethanol (Hale et al., 1985). Remaining cellular debris was discarded after centrifugation and 
approximately 10* c.p.m. of TCA-precipitable material was analysed by two-dimensional gel electrophoresis 
(OTarrell et al., 1977). Polypeptides were resolved by non-equilibrium pH gradient electrophoresis in flat-bed 
polyacr>'Iamide gels consisting of 5% (w/v) acryiamide, 2% (v/v) Triton X-lOO, 2% (w/v) pH 3-5-9'5 premixed 
Ampholine (Hale etal., 1985) and 8 M-urea. Gels were submitted to a 1 h pre-run at 30 mA constant current before 
addition of the samples and migration for 2000 V h. A linear pH gradient of approximately 4 to 9-5 was 
established. Individual tracks were then excised and- frozen at -70 For separation in the second dimension 
SDS-PAGE, sample tracks were equilibrated for 1 h in two changes of SDS sample buffer (OTarrell. 1975) before 
mscrtion on a vertical slab gel consisting of a 5 % (w/v) polyacryiamide stacking gel and a 1 2-5% (w/v) running gel 
(Lacmmii, 1970). Fixation and fluorography of dried geis was performed as previously described (Hale et al., 
1983). 



RESULTS 

Mutagenesis ofpHS4I08 and characterization of insertion mutants 
To identify regions on pHS4108 essential for invasion of HeLa cells, insertions of TnJ in the 
plasmid were isolated using a A : :TnJ donor. In order to avoid ATer-mediated recombination 
between X : :Tn5 and the cos site of pHS4108 (De Bruijn & Lupski, 1984), the recipient S 
flexneri strain, BS169, was first lysogenized with Apapa. This lysogenic strain, referred to as 
BS213, was then transformed with pHS4108 and mutagenized as described in Methods. A total 
of 76 Ap^ Km^ insertion mutants was studied. Tni insertions, pHS4l08 : ;Tn5-l to 
PHS4I08 : :Tn5-76, were first roughly localized using the restriction enzyme EcoRl, which has 
no cleavage site within TnJ (Jorgensen et al., 1979), then precisely mapped by Sail BamHl and 
X'hol restriction analysis. 

The assay for invasiveness of HeLa cells showed that eight sites of insertion scattered along a 
20 kb internal segment of the insert corresponded to an altered entry phenotype. As shown in 
Fig. 1, three insertions each separated from the next by at least 3 kb on the central part of the 
msert (insertions 53, 37 and 29), and two close insertions (31 and 1) mapping between kb 32 and 
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Fig. I. Map of the recombinant plasmid pHS4108 with localization of Tn5 insertions. For each Tn5 
insertion presented, the corresponding entry phenotype (Inv^, ^ 30% of cells infected ; Inv ^ . < 5% of 
ceils infected; Inv", non-invasive) is indicated. In the upper part are represented the three Safl 
fragments cloned from pHS4108, the HindUl subclone HI and SaiSA subclones 278 and 179, which 
expressed immunogenic polypeptides. Thick lines represent vector pJB8. Other cloning vectors are 
underlined with dots. B, BamHl, E, £coRI; H. //mdlll; S, Sail; X, Xhol; Xb. Xba\. 



33 on the right-hand end of the sequence, corresponded to a total loss of penetration capacity. 
We previously reported that strains harbouring pHS4108 did not express contact haemolytic 
activity (Sansonetti et ai, 1986). This was certainly a consequence of the instability of the 
cosmid and of the poor selection provided by ampicillin. In the case of Tn5 mutants, selection by 
kanamycin enabled us to measure this ability. We observed that all the non-invasive mutants 
had lost contact haemolytic activity while all insertion mutants which were still invasive 
expressed haemolytic activity at approximately 50% of the level of wild-type strain M90T. The 
other three independent insertions altering the entry process mapped within 2 kb (between 12 
and 14 kb on the scale): insertions 65 and 68 clustered in less than 0-5 kb, and insertion 75 
located 1-5 kb farther to the left. These three insertion mutants showed a tenfold decrease in the 
rate of HeLa cell infection, as compared with BS169/pHS4108, and the contact haemolytic 
activity of mutants 65 and 68 was also decreased (contact haemolytic activity was not 
determined for mutant 75). All these results suggested that at least five different loci, separated 
by non-essential sequences, were involved in the entry process. 

Expression of immunogenic polypeptides by Tn5 mutants and by subclones 
pWRlOO and pHS4108 encode four plasmid-associated polypeptides recognized by serum of 
monkeys which have been orally infected by S.flexneri (see Introduction). In order to determine 
if some insertion mutants failed to express one or more of these polypeptides, immunoblots of 
whole-cell extracts were performed. 

Five independent mutants were found to have modified expression of some or all of the four 
polypeptides. These mutants harboured plasmids pHS4l08 : :Tn5-8, -64, -65, -68 and -75. The 
TnJ insertions carried by these plasmids defined a region of about 7 kb (see Figs 1 and 4). Clones 
BSl69/pHS4l08::Tn5-8 and BSl69/pHS4l08 : :TnJ-64 (Fig. 2, lane 8) did not express 
polypeptide a. Insertion mutants 65 and 68 showed a dramatic decrease in expression of 
polypeptides a, b, and d, and a slight diminution of polypeptide c (Fig. 2, lanes 5 and 6). 
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Fig. 2. Immunoblot of polypeptides expressed by the insertion mutants. Total protein extracts were 
obtained from strain BS 169 carrying the mutagenized plasmrds. Lanes: 1, molecular mass standards; 2. 
M90T; 3, BS169; 4, mutant 32; 5, mutant 65; 6, mutant 68; 7. mutant 75; 8, mutant 64- 9 Sau3\ 
subclone 278; 10. BSl69/pHS5102; II. BSl69/pHS5103; 12, M90T. MOM P is a major outer-membrane 
protein. 



Insertion mutant 75 showed weak expression of polypeptides a and d, a slight decrease in 
expression of c and expressed a new polypeptide of approximately 48 kDa (Fig. 2, lane 7). All the 
other insertion mutants, whether invasive or not, showed expression of the polypeptides 
quantitatively similar to that of the wild-type strain M90T (see insertion mutant 32, Fig. 2, 
lane 4). 

Strains containing plasmids pHSSlOl, pHS5102, pHS5l03 (respectively 16, 12-5 and 14-5 kb 
Sail fragments of pHS4l08 cloned into pBR322 or pBR325; Fig. I) were also tested in 
immunoblots for expression of the polypeptides. BS169/pHS510l did not express any of the four 
polypeptides. BS169/pHS5i02 showed expression of polypeptides a, c and d similar to the 
control, M90T (Fig. 2, lane 10). BS169/pHS5103 expressed only one immunogenic polypeptide, 
of approximately 43 kDa (Fig. 2, lane 11). 

In order to determine the origin of this 43 kDa polypeptide, and to confirm that polypeptide b 
was not expressed by pHS5102, protein extracts of BS169/pHS5102 and BS169/pHS5103 were 
immunoblotted with a monoclonal antibody which recognizes an epitope of polypeptide b. As 
expected, the 43 kDa polypeptide encoded by pHS5l03 was recognized by this anti-b 
monoclonal antibody (Fig. 3, lane 3), thus showing that it was a truncated product of the gene 
encoding polypeptide b. The results obtained with clone BSl69/pHS5102 confirmed that no 
polypeptides were recognized by the anti-b monoclonal antibody. 

Simultaneously, fragments of 5 to 10 kb from a Sau3A partial digestion of plasmid pHS4l08 
had been cloned into the BamHl restriction site of pBR322. Relying on the immunoblot data 
obtained with the insertion mutants, subclones containing the i -2 kb EcoRl fragment (between 
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Fig. 3. Immunoblot with the anti-b monoclonal antibody. Lanes: 1, immunoblot of whole-cell extract 
of M90T with a convalescent nionkey serum showing polypeptides a, b, c and d; 2, immunoblot of the 
same M90T extract with mouse ascites fluid containing the anti-b monoclonal antibody 1 . 3 . 358 . 59 . 2 ; 
3, BS169/pHS5l03 lysate reacted with the anti-b monoclonal antibody (the arrow indicates the 
truncated polypeptide b encoded by pHS5103). 



13 and 14-5 kb on the scale in Fig. I) were selected by colony hybridization using the EcoRl 
1-2 kb : :Tn5 fragment of insertion mutant 68 as a probe. Protein extracts from the selected 
subclones were tested in immunoblots with the serum. Two subclones, 278 and 179, were found 
to express polypeptides b, c and d (Fig. 2, lane 9). Maps of these two subclones are shown in 
Fig. 1. 

In another attempt to subclone some of the genes encoding these polypeptides, the 4-5 kb 
HindlU fragment located between kb 10 and 15 (see Fig. 1) was cloned into the HmdUl 
restriction site of pACYC184. Subclones in each of the two possible orientations of the insert 
within the vector were selected. After transformation of the plasmids into M90TminII-34, 
whole-cell extracts were tested in immunoblots for expression of the antigenic polypeptides. 
Expression of polypeptides b and c was detected. All the subclones expressing b and c were 
found to have their insert in the same orientation (see HI, Fig. 1). 

According to these data, a map of the genes encoding polypeptides a, b, c and d was 
constructed (Fig. 4). 
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Fig. 4. Part of the physical map of pHS4108 with the location of the genes encoding immunogenic 
polypeptides a, b, c and d and the 21 kDa polypeptide of pi 9. The vertical arrows correspond to the Tn5 
insertions. The ends of the open boxes corresponding to the genes are represented by broken lines 
because the precise limits of the genes are not known. The horizontal arrow represents the direction of 
transcription from the predicted promoter P. 
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Fig. 5. Two-dimensional electrophoresis gel of ^^S-labelled protein from M90TminII-34/ 
pHS4108 : :Tn5-50, an invasive insertion mutant in which the transposon is inserted in the vector. A 
detail of the two-dimensional profile of M90TminII-34/pHS4I08 : :Tn5-65 is shown; the asterisk 
emphasizestheabsenceof the 21 kDa polypeptide of pI9 as compared with the framed area in the main 
photograph. Radioiabelled products were detected on X-ray film after 48 h exposure. 
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Two-dimensional gel electrophoresis of proteins 
Although they showed a decrease in expression of the immunogenic polypeptides a to d, 
insertion mutants 65 and 68 showed no disappearance or modification of these polypeptides. In 
an attempt to identify additional polypeptides, two-dimensional gel electrophoresis of ^^S- 
labelled proteins from minicells of insertion mutant 65 was performed. The two-dimensional 
profile of insertion mutant 65 was compared with that of M90TminII-34/pHS4108 : :TnJ-50, 
which is an invasive insertion mutant carrying the transposon on the vector. One polypeptide of 
21 kDa with a pi of 9 could no longer be detected on the two-dimensional profile of insertion 
mutant 65 (Fig. 5). The presence of this polypeptide on the two-dimensional profile of the 



3410 



B. BAUDRY AND OTHERS 



control M90Tmini and its absence on the two-dimensional profile of M90TminII- 
34/pJB8 : :TnJ confirmed that the 21 kDa polypeptide of pi 9 was indeed encoded by a gene of 
the insert of pHS4108. 

DISCUSSION 

Invasion of epithelial cells of the large intestine is an essential feature of the pathogenicity of 
S.flexneri and requires expression of genes located on the 220 kb virulence plasmid pWRlOO 
(Sansonetti et ai, 1982). Cosmid cloning of pWRlOO DNA demonstrated that a sequence of 
37 ktrr contained in pHS4t08, encoded all the information necessary for entry into epithelial 
cells (Maurelli et ai, 1985). The next step was to localize the entry-associated genes within this 
sequence on recombinant plasmid pHS4108. 

Tn5 mutagenesis of pHS4108 enabled us to identify five non-contiguous regions in which 
insertions abolished or altered the entry phenotype. These insertions were localized within a 20 
kb internal region of pHS4108. In addition, none of the subclones containing either one of the 
three largest Sail fragments, or one of the EcoKl fragments of 14 0 kb, 11-5 kb or 7-6 kb. 
restored the invasive ability (data not shown). These results confirmed that a plasmid sequence 
of at least 20 kb was necessary for entry of 5. flexneri into epithelial cells. Watanabe & 
Nakamura (1986) have characterized a plasmid sequence of 20 kb which is necessary for 
invasion in Shigella sonnei. Comparison of restriction maps shows a striking similarity between 
the S. sonnei %tc\utnct and the right-hand part of the pHS4l08 insert, between 20 and 39 kb on 
the scale in Fig. 1. In addition, in one of their non-invasive Tn/ insertion mutants, cloned on 
plasmid pHWSl 1, the transposon appears to be located in a site very close to that of the Tni 
mutants 1 and 31 described in this work. Therefore, it appears likely that invasion genes are 
highly conserved among Shigella species. 

Invasive shigellae have recently been shown to provoke contact haemolysis of red blood cells 
(Clerc et ai, 1986). This plasmid-mediated activity correlates with the ability of the strains to 
enter HeLa cells, and to multiply intracellularly (Sansonetti et aL, 1986). The contact haemolytic 
activity of pHS4108 : :Tn5 mutants matched this observation. All the non-invasive insertion 
mutants had lost this activity while mutants retaining invasive ability were still capable of 
contact haemolysis. Moreover, in mutants showing reduced entry capacity, a corresponding 
decrease of haemolytic activity could be observed (i.e. insertion mutants 65 and 68). Thus, not 
only was the contact haemolytic activity correlated with the invasive capacity of the strains, but 
its level reflected the efficiency of invasion. 

Hale et aL (1985) have demonstrated that serum of monkeys immunized against S. flexneri 
recognized four polypeptides encoded by the large virulence plasmid and by the recombinant 
plasmid pHS4l08 (Maurelli et al., 1985). These results indicate that these four polypeptides are 
major antigens. This was confirmed by results obtained using sera of patients recovering from 
shigellosis (Oaks et ai, 1986). The role of these polypeptides in the virulence of Shigella is 
unknown. However, our results with insertion mutants 8 and 64 clearly showed that polypeptide 
a was not implicated in the entry process, at least in the HeLa cell model. On the other hand, the 
fact that insertion mutants showing reduced expression of the polypeptides also expressed an 
altered entry phenotype indicates that an least one of these polypeptides plays an Important role 
in the invasion process. In these mutants (i.e. 65 and 68),. expression of polypeptide b in 
particular was dramatically decreased. It is possible that the lack of polypeptide b may be 
responsible for the decreased penetration efficiency. The fact that insertion mutant 75. which 
produced a truncated polypeptide b, expressed the same reduced invasion phenotype as 
insertion mutants 65 and 68 would favour this possibility. 

Analysis of immunoblots performed on the insertion mutants and on the subclones allowed 
the construction of a genetic map of the sequence encoding the four polypeptides (Fig. 4). 
Because simultaneously altered expression of the four polypeptides can be obtained with one 
TnJ insertion, we suggest that the genes encoding the immunogenic polypeptides are clustered 
in an operon. 

Analysis of two-dimensional gel electrophoresis profiles allowed identification of the product 
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of the gene inactivated iainsertion mutant 65. The polypeptide had a molecular mass of 21 kDa 
and a pi of 9, and probably corresponds to the g polypeptide identified as a virulence-associated 
plasmid product by Hale et al. ( 1 985). As discussed below, there is a strong presumption that this 
. polypeptide is also encoded by a gene of the operon. 

Based on all the data, a model for the genetic organization of the operon is proposed. The 
operon would contain five genes encoding polypeptides a, b, c, and d and the 21 kDa/pI 9 
polypeptide. The direction of transcription would be from right to left (i.e. 21 kDa/pI 9, b, c, d 
and a) according to the orientation of the map (Fig. 4). The promoter should be located within 
the space defined by the sites of insertion in mutants 65 and 56, that is, between 14-5 and 16 kb 
on the scale drawn on Fig. 1 . This is based on the facts that insertion 65 altered expression of the 
five polypeptides and insertion 56 had no effect either on expression of the polypeptides or on 
the invasive ability. The fact that the cloned Hindlll 4-5 kb fragment expressed polypeptides b 
and c only in one orientation favoured this hypothesis : it showed that the promoter of the operon 
was not on the 4-5 kb Hindlll fragment, and that in these clones expression of the polypeptides 
was under the control of a promoter located on the vector. The weak but detectable expression of 
the genes when located downstream from the site of insertion could be explained by residual 
transcription through TnJ. The occurrence of this phenomenon when TnJ is used to mutagenize 
an operon carried by a multicopy plasmid has already been described (De Bruijn & Lupski, 
1984). Immunoblots also showed that expression of polypeptide c was more efficient than that of 
the other polypeptides when Tn5 insertions were located upstream, within the genes encoding b 
or the 21 kDa/pI 9 polypeptide. The better expression of polypeptide c could be explained either 
by a more efficient ribosome-binding site in front of the gene encoding polypeptide c, or by the 
presence of a secondary promoter at the beginning of this gene. Alternatively, the 2l' kDa/pl 9 
polypeptide could be a positive regulatory protein which would activate the operon encoding 
polypeptides a, b, c and d. The highly basic property of this polypeptide would be consistent 
with a DNA-binding protein. 

Buysse et al. (1987) have recendy described the cloning, in the expression vector Agtll, of 
fragments from the S. flexneri virulence plasmid encoding some of the immunogenic 
polypeptides. The clones expressed either polypeptides b, or c, or d, or b and c. Based on the 
maps, of these clones, a map of the region encoding polypeptides b, c and d has been 
constructed by these authors. This map perfectly matches the data described in this work, in 
the position of the restriction sites and in the order of the genes encoding polypeptides b, c and d 
on the sequence. However, although no definitive data are presented, the authors favour the 
hypothesis of a regulon model, that is independent genes regulated by a common activator. 

We are currently subcloning the region encoding polypeptides a, b, c and d, in order to study 
the genetic organization of the genes for these four polypeptides more precisely and determine 
whether the gene encoding the 21 kDa/pI 9 polypeptide is indeed included in the operon. We are 
also in the process of subcloning all the TnJ insertions corresponding to a non-invasive 
phenotype, to identify other entry-associated polypeptides. 

The available data indicate that the invasive ability of 5. flexneri is a very complex 
phenomenon which involves many genes and a large array of polypeptides. The invasion 
strategy developed by Shigella species is certainly very different from that of Yersinia 
pseudotuberculosis, in which only one gene appears necessary for promoting entry of bacteria 
into cells (Isberg & Falkow, 1985). In the case of S. flexneri, we have shown that at least five 
distinct genes or clusters of genes are required for the entry step. Whether all these gene products 
are directly involved in the interaction with the cells, or whether a pool of polypeptides is 
necessary for transformation and/or correct positioning of a unique product is not yet known. 
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